Correlations between Depth of Water Penetration, Chloride Permeability, and Coefficient of Chloride Diffusion in Plain, Silica Fume, and Fly Ash Cement Concretes by Mohammed, Maslehuddin
Journal of Testing and Evaluation, Vol. 36, NO.2 
Paper ID JTE101074 Available online at: 
www.astm.org  
Shamsad Ahmad,1 Walid A. Al-Kutti,1 Omar S. Baghabra Al-Amoudi,1 and Mohammed Maslehuddin 1  
Correlations between Depth of Water Penetration, 
Chloride Permeability, and Coefficient of Chloride 
Diffusion in Plain, Silica Fume, and Fly Ash 
Cement Concretes  
ABSTRACT: An experimental study was conducted to evaluate correlations between the depth of water penetration, chloride permeability, and 
coefficient of chloride diffusion in plain, silica fume, and fly ash cement concretes. A total of 27 concrete mixtures were prepared by varying the 
water to cementitious materials ratio and cementitious materials content and using Type I, fly ash (20 %), and silica fume (7.5 %) cements. The test 
results were statistically analyzed to develop correlations between the depth of water penetration, chloride permeability, and coefficient of chloride 
diffusion. A good correlation was noted between the depth of water penetration and chloride diffusion, and Chloride permeability and coefficient of 
chloride diffusion (R2>0.80).  
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Introduction  
Movement of pure water or diffusion of aggressive ions. such as chlorides 
and sulfates, influences the durability of concrete. Movement of fluids 
through concrete takes place in different ways, such as flow under a 
pressure differential, termed as "permeability," capillary movement in the 
pores, termed as "sorption," and due to differences in concentration, termed 
as "diffusion." In addition to the exposure conditions. the aforesaid 
transport phenomena primarily depend on the concrete's microstructure [I]. 
The microstructure of concrete is influenced by a number of factors that 
include: water/cementitious materials ratio, type, and the quantity of the 
cementitious materials, aggregate size and proportion, admixtures used, and 
methods of preparation, placement, and curing [2].  
Durability of concrete is generally assessed by measuring the depth of 
water penetration according to DIN 1048 [3], evaluating chloride 
permeability according to ASTM C 1202 [4], and determining the 
coefficient of chloride diffusion using Fick's second law, as described by 
Crank [5]. The determination of depth of water penetration and chloride 
permeability provides a qualitative indication of the durability of concrete. 
Further, these values are often not useful [or predicting the time to 
initiation and rate of reinforcement corrosion. On the other hand, the 
chloride diffusion coefficient is very useful in predicting the time to 
initiation of reinforcement corrosion in concrete exposed to chloride 
environments [6]. However, the determination of chloride diffusion 
coefficient is difficult and requires a very long exposure time, as compared 
to the measurement of depth of water penetration and chloride 
permeability. Since the aforesaid three paran1eters primarily depend on the 
microstructure of concrete, there is a possibility of correlating them with 
each other, so that a particular paran1eter that is difficult to measure (e.g., 
chloride diffusion coefficient) could be determined by measuring  
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another parameter, such as chloride permeability or depth of water 
penetration.  
Several research studies have been reported in the literature on the 
correlation between the durability parameters. Armaghani et al. [7] 
established a correlation between the results of the Florida water 
permeability test and those of AASHTO T-277 [8] chloride permeability 
test which is similar to ASTM C 1202 [4]. A unique relationship between 
the Coulomb and migration coefficient of chloride ions f0f plain and 
blended cement concretes was reported by Sugiyama et al. [Q]. Yang [10], 
in his study on the relationship between the pore structure and chloride 
diffusivity in cement-based materials, obtained a linear relationship 
between the steady-state migration coefficient and nonsteady-state 
migration coefficient based on the same experimental setup and specimens. 
A relationship between the effective diffusion coefficient and the depth of 
chloride penetration under the action of an electric field was reported by 
Luping and Nilsson [11). Ramezanianpour et al. [12] developed a 
correlation between the chloride permeability and chloride diffusion 
coefficient using a neural network system. Yang and Cho [13] and Yang 
[14] have found a linear correlation between the chloride diffusion 
coefficient and charge passed (i.e., chloride permeability). A correlation 
between the chloride diffusion coefficient and gas permeability of concrete 
was reported by Sugiyama et al. [15]. Equations relating the effective 
chloride diffusion coefficient with resistivity and permeability of concrete 
have been developed by Berke and Hicks [16].  
There is an increasing trend to specify concrete in terms of both strength 
and durability in order to enhance the useful service-life of structures. 
Among the durability indices, coefficient of chloride diffusion is more 
relevant. However, its determination is difficult and time consuming. On 
the other hand, the depth of water penetration and chloride permeability 
could be determined with much more ease and at less expense and time. 
Therefore, there is a need to develop correlaticll1s between the depth of 
water penetration, chloride permeability, and coefficient of chloride 
diffusion. Such correlations would provide an empirical guidance en 
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